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Abstract

Supporting data for a recent groundwater study at Fermilab
are collected together in one document, and are described in the
context of how they were obtained and how they were used in the
study.



Introduction

This document is a companion document to TM-1851,
"Groundwater Migration of Radionuclides at Fermilab". That report is
the result of a study of radionuclide propagation in groundwater in
the subsoil at Fermilab, which included a contracted study of
radionuclide concentrations in groundwater as it moves through soil
from loss points to the bedrock aquifer. The latter study was
performed by Woodward Clyde Consultants, Inc. (WCC) over the
period December, 1992 to August, 1993, by a three person team led
by project manager Phil Harvey!.

This document includes the backup material used in the study
described in TM-1851. It presents the data on borehole locations,
well locations and water levels, and pump tests that was collected
together as reference material for the WCC study. Much of the
material concerning wells--both active and old farm wells--was
compiled from material made available to us by R. Sasman, Illinois
State Water Survey (retired), who served as a consultant over the
period February, 1992 to September, 1993.

Borehole Information

The borehole information presented in Tables 4 and 5 contains
the name, the depth, and the location of boreholes on the Fermilab
site. Tables 4 and 5 are a useful guide for making selections from
the collection of borehole logs, which have detailed geological
information as a function of depth. The WCC study made use of this
information by selecting a subset of borehole logs, which were
subsequently used to determine the subsurface characteristics near
the proton loss and dump points. The WCC study also made use of
water level information from the borehole logs.

The list of boreholes presented here includes all the "B", "B0O”"
series and those of the "S" series that are at least 40 feet in depth. In
addition it includes the group S1108 to S1118, S1129 and S1130;

ling for Gr Water he Fermi
National Accelerator Laboratory, Batavia, Illinois, August, 1993, Project

Number 92C3073, WCC, 122 South Michigan Avenue, Suite 1920, Chicago, Il
60603,
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these are near the site of the new main injector and are included
because of their proximity to the site boundary and the MI 40 source
point.

The borehole information comes from an accumulation of
borehole data from Soil Testing Service, Inc. (STS), which has been
under contract many years for making soil studies prior to
construction work at Fermilab. We also compiled borehole data
generated by the US Army Corps of Engineers and the US Geological
Survey, both for the original National Accelerator Laboratory site and
for the proposed siting of the SSC in the proximity of Fermilab.

Borehole Logs

The USGS borehole logs (at the Illinois State Water
Survey in Champaign, I1) were large drawings that could not easily
be duplicated or combined together in a book. At our request, R.
Sasman had them copied to a more convenient size--on one of his
trips to Champaign. At the end of the WCC study, we asked for the
return of these borehole logs--assuming that they had no further use
for them; they now are again at Fermilab. The same is true for the
collection of STS borehole logs that was made for the groundwater
study described in TM-1851.

Borehole Water Levels

Certain of the individual borehole logs note the presence of
water and give the depth at which it was found. After an initial look
at the information of Table 4 and the associated logs, WCC asked for
lists of shallow boreholes that might provide further information on
water levels in the glacial till. Table 5 was generated by looking at
borehole logs for boreholes less than 40’ deep, yet greater than 6
deep, and for the presence of information on the water level in the
associated logs.

At the same time R. Sasman provided us with a tablulation of
the depth of water in some of the STS borings?. The dates involved

2The water levels are relatively near the surface and are described as
"Piezometric Levels, Upper Perched Water Table in Relatively Pervious Surface
Soils Overlying Glacial Till".
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ranged from 8/12/68 to 4/10/69. To our knowledge, this
particular information was not used in the WCC study. We do not
include the tabulation in this Technical Memo.

Wells

A list of wells and some of their characteristics was compiled
for the WCC study. It is given in their report as Table 3 and is
reproduced here for reference. It gives the well identifier, the
surface elevation, the well depth, the bottom elevation, and
information about the water level. For the WCC study we asked the
Fermilab survey group to more accurately determine the absolute
elevation of the reference point at the well used for making the
water level measurements (with a long tape). Prior information had
relied on a topographic map of the site and an "eyeball” evaluation of
the difference between the reference point elevation and the general
surface in the immediate area.

As part of the survey, the DUSAF coordinates of the wells were
measured, These are given in Table 6, together with the elevation of
the reference point and a charactization of the well status.

Table 2 in TM-1851 lists the ten wells used as sources of
drinking water. The other wells in our list are farm wells of varying
age and construction. Although somewhat useful for determining
water levels and monitoring for radionuclide presence, their
construction is largely unknown and many will be sealed. A new
network of monitoring wells is planned (to replace the existing
wells). The WCC study recommended the installation of depth
specific piezometer clusters (to establish the hydraulic gradient). In
addition, WCC recommended making water level measurements on a
routine basis over a one year period (to establish the seasonal
variations of the hydraulic gradient). WCC also recommended that
slug injection tests be performed on all new monitoring wells (to
obtain the hydraulic conductivity of the surrounding medium).

Water Level Measurements
The well water levels given in Tables 7-12 are determined

from measurements made over the years by the Illinois State Water
Survey (usuvally with the personal participation of R. Sasman). We
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TABLE 3.0
FERMI NATIONAL ACCELERATOR LABORATORY
RADIONUCLIDE TRANSPORT MODELING
GROUND WATER ELEVATIONS APRIL 1992.

WATER
ELEVATION
(FTMSL)
697.59

. 683.28
687.20
687.80
685.60
687.26

' 685.57
687.83
687.20
687.26
686.26
695.29
691.87
695.15
757.84
686.88
685.48
68770
. 68205
. 691.59

| 674,86
687.39
691.69
702.01

' 895.27
695.93

| 692.53
703.90
703.34
690.89
686.30

- 686,58
69265
685.44
675.00
686.95

Ncote: Water levels were collected on April 20, 1992
NA= Data not available
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made one further round of water level measurements in Spring,
1992, in order to have a recent value (at least for those wells that
hadn't been deactivated). R. Sasman made the Spring, 1992
measurements, together with P, Kesich. Continuous monitoring was
done with two chart recorders--one on a deep well and the other on
a shallow well. The shallow well recorder was moved from well F39¢
to F39d in early 1988, Both these wells are in the vicinity of the
parking lot of the Tony Frelo model airplane flying field, on old
Wilson Road, west of the Meson Laboratory. Wells F39 ¢ & d are the
only ones that are shallow; they partially penetrate the glacial till3.

The water levels as measured over the years are given in Table
7, for the wells without a chart recorder. The depth given is that
below the reference surface used for taping. The measuring
procedure involves chalking the tape in the region where water 1s
expected, lowering the tape sufficiently into the well, noting the
reading of the reference surface, pulling up the tape, and
determining from the water's effect on the chalk where the water
level mark is on the tape.

Tables 8-11 present the measurements of wells 39¢ and 39d,
where there was a recorder present. The numbers recorded are the
monthly tape reading, the maximum level for the month from the
chart, and the minimum level for the month from the chart. It can
be noted that the last chart reading for 39c corresponds to the end of
December, 1987. After this date the recorder was moved to 39d. At
the time of the compilation of the data, we only had the monthly
taped readings from 39d. We did not have the monthly minima and
maxima from the chart recorder.

Table 12 gives the taped levels and monthly minima and
maxima from the chart recorder for well FNAL-2, which penetrates
into the Dolomite aquifer.

3F39a penetrates (o the dolomite layer underlying the glacial till. The
similarity in names of the F39 wells results from their general location, but
was a source of confusion to WCC. Before this confusion was dispelled, the
value for the vertical seepage velocity in the glacial till in the preliminary
results of the WCC swdy was in error (but was correct in their final report).
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Water Level Graphs

Figures 3 to 16 are graphs of the water level data. Each figure
has several wells graphed. The wells were grouped by geographical
proximity, for these figures. To keep the vertical scale reasonable, an
average level was tabulated for each well and the quantity graphed
is the deviation from the average. These graphs are meant to be a
general guide to the behaviour of the water level data.

Figure 17 is a graph of the monthly taped measurements from
the two shallow wells that had a recorder present. Level swings of &'
to 10' during the year are readily apparent.

Pump Tests

Pump tests were done at the time of construction of wells W-1
and W-3. If a pump test is done with constant flow, measurement of
the change in water level in the well being pumped and in nearby
observation wells can serve to supply values of the hydraulic
conductivity of the medium being pumped, as well as the storage
coefficient and the transmissivity., We obtained the description of
the pump tests from R. Sasman. An analysis of them was made, and
the resulting hydraulic conductivity became the "medium" value in
Table 6 of TM-18514. The analysis of the pump tests for each well
follows.

On 12/19/69 pumping tests were conducted by running W-1 at
Q =530 gpm and using the following as observation wells: F-21, §-
34, F-20, F-17, F-23, and S$-35. The distance from W-1 to each well
is 95 ft, 580 ft, 1150 ft, 2800 ft, 2825 ft, and 3570 ft respectively.
Table 1 gives the drawdown in each well as a function of time for the

4A confusion between the units of feet and meters for the drawdown on the
2

graphs of drawdown vs rT led to the "medium" value of horizontal seepage
velocity in Table 6 of TM-1851 (and in the WCC report) being low by a factor of
3.3 This error was realized between the publication of TM-1851 and the
preparation of this report. The values of R(Mix) and R(Dolomite) in Table 8 of
TM-1851 are also affected, since they depend on the "medium" value of the
horizontal seepage velocity. Both the “"high" and “"low" values of horizontal
seepage velocity shown in Table 6 of TM 1851 (and in the WCC report) are not
affected by this confusion.
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constant pumping rate of 530 gpm = 2 m3 /minute. F-20 drops 3.3 ft
in the first minute of pumping and then diminishes. There may be a
direct route between F-20 and W-1--the phenomena known as
fingering caused by layered channels of high hydraulic conductivity.
For this reason, F-20 compared to the other wells is always the one

which is furthest from the "Theis curve” in the s vs. r2/t plots.

On 6/10/70, similar tests were done by running W-3 at Q =
300 gpm using F-38 and F-65 as observation wells. The distance
from W-3 to F-38 and F-65 is 950 ft and 2500 ft respectively. Table
2 gives the corresponding drawdown vs time for these wells.

Following the Theis method,> log-log plots of s(meter) vs. r2/t
(meterzlminute) were made and overlayed with a log-log plot of

W(u) vs. u. The Theis method takes the log-log plot of s vs. r2/t
and overlays it with a log-log plot of W(u) vs. u. Both plots must
have the same number of decades on the corresponding axes. In
ground water literature W(u) is known as the Theis well function,
and u is a convenient variable that simplifies the differential
equation which describes radial flow. Keeping the axes of the two
plots parallel, one plot is superimposed on the other to set the
absolute scale, and an arbitrary "match point" (not necessarily on the
curves) is selected. Most often one chooses W(u) = 1. and u = 0.01
on one plot. The corresponding match point on the other plot (s,

r2/t) is found by asking what value does s have when W(u) = 1., and
what value does rzlt have when u = 0.01. One then has four values

W(u) = 1. u = 0.01
s =y0 r?/t = x0
The transmissivity, T(mz/min) can be extracted using,
r_ QW)
4r*s

SDavid B, McWhorter and Daniel K. Sunada, Ground-Water Hydrology and
Hydraulics (Fort Collins, Colorado: Water Resources Publications, 1977), 177-
207.
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For W-1, superimposing the plots at t=100 minutes, t=410
minutes and t=1440 minutes gave s = 1 meters, and T = 0.15

m 2/min (see Figure 1). For W-3 the plots at t=100 minutes, t=610
minutes, and t=1400 minutes gave an average s of 0.5 meters, and

an average T = 0.18 m?2 /min (see Figure 2). The results from both
pump tests are remarkable similar. Taking the value from W-1, we
calculate the hydraulic conductivity in the dolomite from T and b
(the saturated thickness of the aquifer). The latter was determined
by Woodward-Clyde Consultants to be 44 meters.5

2 .
K:I=0.15m /mm=1790m/yr
b 44 m

6Woodward-Clyde Consultants, Summary of Radionuclide Transport Modeling
for Gr w Fermi ional ler Laborator vi

Illinois, Project Number 92C3073, August 1993, Table 4.
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Table 1

W-1 Pumping at 530 gallons per minute.

Time versus drawdown for each well

Time Ww-1 F-21 S-34 F-20 F-17 F-23 §-35
(min) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
1.0 15.00 0.14 (.49 3.31 0.00
2.0 17.00 0.93 1.18 0.00
3.0 17.00 1.76 0.01
4.0 17.00 2.20 3.99 0.01
5.0 17.00 1,18 2.55 0.02
6.0 18.00 1.23 2.85 5.22 0.02
7.0 18.00 3.11 0.03
5.0 19.00 1.59 3.36 5.66 (.04
9.0 19.00 3.59 0.04
10.0 19.00 1.71 3.79 5.51 0.05
20.0 22.00 4 .45 5.28 6.45 0.14
30.0 22.00 6.84 6.18 7.21 0.22
40.0 24.00 8.66 6.95 71.28 0.29
50.0 25.00 9.76 7.56 7.35 0.36 0.00
60.0 27.00 12.64 7.94 6.70 0.42 0.01
70.0 28.00 14.54 8.25 7.10 (.47 0.01
30.0 28.00 15.33 8.49 7.45 0.51 0.01
90.0 28.50 16.13 8.69 7.75 0.54 0.01
100.0 29.00 16.05 8.85 7.85 0.29 0.58 0.02
240.0 31.00 16.33 9.78 £.90 0.51 0.82 (.05
410.0 37.00 16.71 10.30 9.50 0.72 1.19 0.18
515.0 37.00 16.68 10.40 9,70 0.86 1,27 0.24
655.0 37.00 17.24 10.55 9.80 1.00 1.42 0.33
November 30, 1993 9




Table 2

W-3 Pumping at 300 gallons per minute.
Time versus drawdown for each well

Time WwW-3 F-38 F-65
(min) (ft) (ft) (ft)
10.0 11.50 0.24 0.00
30.0 13.00 0.62 0.00
40.0 13.00 0.75 0.01
50.0 13.50 0.81 0.01
60.0 13.50 0.93 0.02
70.0 14.00 0.98 0.03
80.0 14.50 1.02 0.03
90.0 14.50 1.14 {).04
100.0 15.00 1.17 0.04
320.0 15.00 1.97 0.21
610.0 16.00 2.13 0.38
900.0 18.00 2.37 0.56
1400.0 29.00 2.54 0.72
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